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@ Feeble light measuring device. 



(|7) A feeble light measuring device comprising a 
photon counting tube, an image detector and a 
signal processor. The photon counting tube 
includes a photocathode for generating an eieo- 
tron upon an incidence of light to be measured, 
an MCP for multiplying the photoelectron from 
the photocathode and a phosphor screen for 
converting the photoelectrons multiplied by the 
MCP into a light image such as luminous spots. 
The MCP is not saturated by an incidence of 
single photoelectron. Thus the spread of the 
luminous spot corresponding to the single 
photoelectron is very small. The image detector 
converts the light image from the photon count- 
ing tube to electric outputs the signal processor 
removes noise components of the electric out- 
puts from the image detector to extract signal 
components of the electric outputs. 
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Background of the Invention 

(Field of the Invention) 

This Invention relateis to a feeble light measuring 
device of photon counting type for use In streak cam- 
era systems; feeble light imaging devices and so on: 

(Related Background Art] 

FIG. 1 shows a block diagram of the conventional 
photon counting type-streak camera system. This 
conventional streak camera system comprises a 
streak tube 101, a driving circuit 102 for driving the 
streak tut)e 101, a highly sensitive television camera 
for detecting a streaking image formed on a phosphor 
screen 101a of the streak tube 101 through a relay 
lens 104, and an image processing system 106 for re- 
producing, storing and processing video signals from 
the highly sensitive video camera 105. The streak 
tube 101 comprises an photocathode 101e, an accel- 
eration electrode 101b for accelerating photoelec- 
trons, a deflecting electrode 101c for scanning accel- 
erated photoelectrons, and microchannei plate (MCP) 
means 101d provided by a pair of MCPs for multiply- 
ing the scanned photoelectrons. 

Light to be measured Is converted into a streaking 
image by the streak tube 101. The streaking image is 
converted Into video signals by a highly sensitive 
camera 105, The video signals are A/D converted by 
the image processing system 106 to be integrated as 
image data for the improvement of S/N ratios of the 
signals. The vertical axis of the image data obtained 
by the image processing system 106 is corresponding 
to the time axis and the horizontal axis of it is corre- 
sponding to the spaciai axis on the photocathode 
lOle. An intensity value of the Image data corre- 
sponds to a light Intensity of the light to be measured. 
The image processing system 106 generates tran- 
sient waveforms (time-dependent radiation) of the 
light to be measured from the image data, and can fur- 
ther display and analyze the transient waveforms. 

The conventional streak camera system is dis- 
closed In "High Speed Photography, Videography, 
and Photonics IV(1986)" SPIE. vol.693, p.99, or Jap- 
anese Patent Application Unexamined Publication 
No. 58745/1984. 

However, in the conventional streak camera sys- 
tem, the MCP means lOld provided on the streak 
tube 101 is operated in Its saturated state correspond- 
ing to the incidence of a single photoelectron, and it 
Is difficult to measure very feeble light events easily 
with high precision. Specifically, in this case, by su- 
perposing two microchannei plates, a single photo- 
electron is multiplied by about 1 0^ to saturate the MCP 
means. Consequently due to spread of the multiplied 
electrons, the sensing precision of an incident posi- 
tion of the photon Is degraded. Such resolution de- 



crease can be solved to some extent by giving a bar- 
ycenter of a spread luminescent spot. But problems 
with such solution are that the barycenter detection of 
the luminescent spot needs complicated computa- 

5 tion, and takes remarkably much processing time. In. 
addition, it decreases the production yield of the 
streak tube and increases costs to incorporate two 
MCPs In the streak tube. When the defect ratio of the 
streak tube Including one MCP is 30%, the defect ratio 

10 of the streak tube with two MCPs is as high as 50%. 
This Is also a problem in providing inexpensVe streak 
camera systems. A further problem is that the use of 
the highly sensitive television camera 106 for taking 
an Image formed by the streak tube makes the system 

15 large. 

FIG. 2 shows a conventional example of the fee- 
ble light imaging device using an image intensifier 
and a CCD camera. An image to be measured is Inn- 
aged on a photocathode 202a of an image conversion 

20 tube 202 by an objective lens 201. Photoelectrons 
proportional to an intensity of the image are emitted 
from the photocathode 202a and are Incident on an 
MCP 202b. The photoelectrons incident on the MCP 
202b are multiplied by about 1 0^ by an MCP 202b and 

25 are incident on a phosphor screen 202c to be convert- 
ed again into an optical image. An output image of the 
phosph^' surface 202c is led to a fiber plate 203 and 
is incident on a CCD 204 to be converted into electric 
signals. Output signals of the CCD 204 are Intensified 

30 by an image intensifier 205 and A/D converted to be 
inputted to an adder. The adder reads the image data 
stored in an image, memory up to the Immediately 
preceding operation, and adds the inputted signals 
thereto. The addition result is stored as new data in 

35 the Image memory. 

The art of repeating such addition operation to 
thereby improve the S/N ratio of a sensed Image is 
well known, and the simplicity of the art makes it prev- 
alent. In this case, additions increase the signals, but 

40 dark current noise of the CCD image sensor, and vid- 
eo read out noises generated by the CCD and Ampli- 
fier are also increased by additions. A problem with 
this art is that the sensing of a feeble light Image In a 
single photoelectron counting region is difficult 

45 As a method for obtaining an image of a feeble 

light event In a single photoelectlon counting region 
which cannot be sensed by the above-described fee- 
ble light imaging device, a photon counting method is 
known. The photon counting method multiplies by 10^ 

so or more a single photoelectron corresponding to a 
light event by an electron multiplier comprising a mul- 
ti-stage MCPs, exactly separating noises generated 
in an image Intensifier and noises generated in read- 
ing a CCD from signals indicative of a single photo- 

55 electron corresponding to a feeble light event, and de- 
tecting only the signal components with high sensitiv- 
ity. 

FIG. 3 shows a feeble light Imaging device using 
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this photon counting method. The device of FIG. 3 
uses an MCP device Including a multi-stage MCPs 
202d, 202e connected in a cascade for multiplying a 
single photoelectron by 10® or more. The MCP are 
connected to each other with a gap therebetween, 
and output electrons of one channel of the first stage 
MCP 202d are inputted to a plurality of channels (usu- 
ally 30 or more) of the second stage and its followinp 
MCPs 202e. Consequently the output responding to 
a single photoelectron on the final stage is a synthe- 
sized output of groups of electrons from the plural 
channels, and its luminescent spot on the phosphor 
. screen 202c is spread. The second and its following 
MCPs 202e are used in saturating states, therefor 
MCP 202e operates in ranges having a saturating 
number of output electrons for any number of input 
electrons, and accordingly the luminescent spot on 
the phosphor screen has a blunt luminance distribu- 
tion. Consequently the resolution is much lowered. 
FIG. 4 is a view illustrating a luminescent spot gener- 
ated on the phosphor screen by the multiplication of 
a single photoelectron. FIG. 4A illustrates the inci- 
dence of groups of multiplied electrons on the photo- 
cathode 202a. FIG. 4B illustrates a distribution of lu- 
minance intensities on the phosphor screen 202c. 

To improve such deterioration of the resolution, in 
the feeble light imaging device of FIG. 3, the barycen- 
ter detecting function is provided before the image 
memory for the computation of a luminescent spot, 
and the computation result is supplied to the adder 
and stored in.the image memory. In detecting a bar- 
ycenter, reading noises (noises generated by the 
CCD and the image intensifying circuit) are complete- 
ly removed and does not Increase during a long period 
of time of the computation. 

This feeble light imaging device of FIG. 3 is a 
good method for sensing a feeble light Image in the 
single photoelectron region, but has the following 
problems. 

1) The use of a multi-stage MCPs lowers nonde- 
fect ratios of the image conversion tube, and 
costs of the image conversion tube go up. Each 
MCP includes a bundle of, e.g., 3,000,000 or 
more glass tubes, which tend to be stuffed or 
have defects of discharges. A multi-stage MCPs 
have defect ratios which are deteriorated by a 
multiple of a number of the MCPs, which results 
in higher costs. 

2) The barycenter center detecting function is 
necessary. The usual read rate of TV camera Is 
30 frames per minute and the barycenter center 
detecting function needs considerably high- 
speed computing ability. Such function is very ex- 
pensive. 

3) An output image of a single photoelectron is so 
large that counting rate is low, and some cases 
sufficient resolving power cannot be obtained. 
For example, when two light points on the photo- 
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cathode come gradually nearer to each other, the 
two points cannot separate from each other at a 
position where the outputs images begin overlap- 
ping each other and are adversely sensed as one 

5 point. Accordingly in cases of considerably large 

quantities of light, or partially bright events, the 
measuring precision is conspicuously deteriorat- 
ed. FIG. 5 shows views explaining the deteriora- 
tion of the resolving power. As shown in FIG. 5A, 

10 In the case that Points and P2 are sufficiently 

separated from each other, omages formed by a 
parof photoelectrons incident on Points P^ and P2 
does not overlap each other on the phosphor 
screen 202c, and barycenters Bi and B2 corre- 

15 spending the events can be independently ob- 

served. However, as shown in FIG. 58, In the 
case that Points P^ and P2 come nearer to each 
other, images formed at Points Pi and P2 partially 
overlap each other both on the phosphor screen 

20 and on the photocathode, the result of the bary- 

center center computation is one point B at the 
center. 

Summary of the Invention 

25 

An object of this invention Is to provide a feeble 
light measuring device of photon counting type which 
is used in streak camera systems, feeble light imaging 
devices and so on, and which can solve the above- 

30 described problems and can measure feeble light 
events with high precision. 

To solve the above-described problems, the fee- 
ble light measuring device according to this invention 
comprises a) photon counting means including photo- 

35 electric conversion means for generating an electron 
In response to an incidence of light to be measured, 
electron multiplying means for multiplying the electron 
from the photo-electric conversion means, the elec- 
tron multiplying means being not saturated with the in- 

40 cidence of a single electron, and luminous means for 
converting the electrons multiplied by the electron 
multiplying means to a light image; b) image detecting 
means for converting the light image from the photon 
counting means to electric outputs; and c) signal proc- 

45 essing means for removing noise components of the 
electric outputs from the image detecting means to 
extract signal components of the electric outputs. 

In the feeble light imaging device according to this 
invention, the electron multiplying means included in 

50 the photon counting means is not saturated with the 
incidence of a single electron corresponding to one 
optical event Accordingly an area of the luminous 
means occupied by incident multiplied electrons is not 
very large, and the precision of sensing an incident 

55 position of one photon corresponding to one optical 
event can be improved. Furthermore, a light image 
supplied by the luminous means has a sufficient lu- 
minance distribution, and accordingly by the extrac- 
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tion of signal components from the above-described 
electric outputs, with noise components removed by 
the signal processing means, an incident position of 
one photon can be easily identified without detecting 
a barycenter of the light image. . 5 

An incident position of one photon Is Identified by 
extracting as the signal components a distribution of 
V parts of the above-described electric outputs above a . 
set level, the binarized data, or a peak positions or 
others of the parts. When the same event Is repeated, 10 
one of such signal factors is integrated in a set period 
of time to extract the signal component. 

An incident position of one photon can be identi- 
fied by storing the extracted signal components in re- 
gions corresponding to picture elements of the lumi- is 
nous means in accordance with the timing of electric 
outputs of the image detecting means. 

By providing the electron multiplying means by a 
single microchannel plate, a higher resolution power 
can be obtained. In this case, the photon counting 20 
means and the image detecting means are coupled to 
each other by fibers, whereby the drawback of gain 
shortages due to the photon counting by the single mi- 
crochannel plate can be effectively eliminated. Con- 
sequently the optical coupling efficiency is raised 25 
from 0.02 (when use Lens coupling) to 0.3 by more 
than one place. Accordingly although only one MCP 
Is provided, a signal level of a single photoelectron 
can be sufficiently higher than a noise level of the im- 
age detecting means, and photon counting of high 30 
precision can be enabled. 

In the case that the photon counting means is a 
streak tube, the signal processing means can provide 
transient changes of light intensity to be measured, 
based on extracted signal components. 3S 

In the case that the photon counting means is an 
image intensifier, the signal processing means can 
provide an image of a distribution of light intensity to 
be measured, based on extracted signal components. 

A fiber plate may be used to guide to the image 40 
detecting means a light image from the luminous 
means included in the photon counting means. 

In cases that a CCD, a photodiode array or other 
solid image detecting devices is used as the image 
detecting means, the feeble light measuring device it- 45 
self can be small-sized, and inexpensive systems can 
be fabricated. 

The present invention will become more fully un- 
derstood from the detailed description given herein- 
below and the accompanying drawings which are giv- so 
en by way of illustration only, and thus are not to be 
considered as limiting the present invention. 

Further scope of applicability of the present in- 
vention will become apparent from the detailed de- 
scription given hereinafter. However, it should be un- 55 
derstood that the detailed description and specific ex- 
amples, whOe Indicating preferred embodiments of 
the invention, are given by way of illustration only. 
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since various changes and modifications within the 
spirit and scope of the invention will become apparent 
to those skilled in. the art form this detailed descrip- 
tion. 

Brief Description of the Drawings 

FIG. 1 Is a block diagram of the conventional 
streak camera system; 

FIG. 2 is a block diagram of the conventional Im- 
age intensifier system; 

FIG. 3 is a block diagram of the conventional fee- 
ble light imaging device; 

FIG. 4A and 4B are views Illustrative of draw- 
backs of tfie feeble light imaging device of FIG. 3; 
FIG. 5A and 5B arm views illustrative of draw- 
backs of tiie feeble light imaging device of FIG. 3; 
FIG. 6 Is a block diagram of the streak camera 
system according to one embodiment of this in- 
vention; 

FIG. 7 Is a view of video signals; 
FIG. 8 is a views illustrative of a first method for 
removing video noises from video signals; 
FIG. g Is a view Illustrative of a processing of the 
signal processing system; 
FIG. 10 is a view illustrative of a second method 
for removing video noises from video signals; 
FIG. 11 is a view illustrative of a third method for 
removing video noises from video signals; and 
FIG. 12 is a block diagram of the feeble light im- 
aging device according to another embodiment of 
this Invention. 

Description of the Preferred Embodiment 

Embodiments of this invention will be explained 
with reference to the drawings attached hereto. 

As shown in PIG. 6, the streak camera system 
comprises a streak tube 11 forforming a streaking im- 
age of incident light to be measured, a drive circuit 1 3 
for operating the streak tube 11, a solid state image 
detector 15 for detecting through a fiber plate 14 a 
streaking image formed on a phosphor screen 11a of 
the streak tube 11, and a signal processing means 16 
For processing an output video signal from the solid 
state image detector 1 5. 

The streak tube 11 includes a single MCP 11 b for 
performing non-saturated type electron multiplica- 
tion. A photoelectron is emitted from photocathod 11c 
of the streak tube 11 in accordance with an incidence 
of light to be measured. The emitted photoelectron is 
accelerated by an acceleration electrode lid and 
next enter an aperture of an anode electrode 11f 
through a focusing electrode 11e. The photoelectron 
which has passed through the aperture of the anode 
electrode 11f Is deflected at a suitable timing when 
they pass through deflecting electrode 11g and is in- 
cident on the MCP lib. The Incident photoelectron on 



BNSOOCtD: <EP ^05261 34A2_L> 




EP 0 526 



the MCP 11b is multiplied here, and the multiplied 
electrons are incident on the phosphor screen 11a 
and generate a luminous spot on the phosphor screen 
11a. The MCP 1 1 b is operative In an unsaturated state 
upon an incidence of a single photoelectron, and the s 
spread of the luminous spot of the single photoelec- 
tron is very small. In place of the above-described 
streak tube, a combination of a streak tube with no 
MCP, and an image intensif ierwith an unsaturated-ty- 
pe MCP may be used. io 

The fiber plate 14 is made of a bundle of thin opt- 
ical fibers formed in a plate or a cylinder. The phos- 
phor screen 12 and the solid state imaging device 15 
are respectively adhered to the fiber plate 14 with the 
fiber plate 14 therebetween, whereby a streaking Im- is 
age formed on the phosphor screen 12 is formed on 
the solid state image device 15 optically efficiently 
(bright). The fiber plate 14 is one sheet but may be 
plural laid sheets. The fiber plate 14 may have mag- 
nifications, whereby an area of the phosphor screen 20 
12 to be imaged by the solid state image detector 15 
can be varied in accordance with a magnification of 
Uie fiber plate 14. 

The solid image detector 15 can be provided by, 
e.g., a CCD, a twodimensional solid state Image de- 25 
tector, or a linear photodlode array, or others. 

The signal processing means 16 incorporates a 
memory and others, and can integrate signal compo- 
nents of video signals with noises removed, for re- 
spective picture elements corresponding to areas of 30 
the phosphor screen 12 to form a time-dependent 
light waveform. 

The operation of this embodiment will be ex- 
plained. Incident light to be measured is applied to the 
phosphor screen 11a of the streak tube 1 1 and Is con- 35 
verted Into a streaking image. Because the phosphor 
screen 11a and the solid state image detector 15 are 
coupled through the fiber plate 14 provided there- 
between, the converted streaking image is projected 
on the solid state image detector 1 5 through the fiber 40 
plate 14. The solid state image detector 15 converts 
the projected streaking Image into video signals and 
supplies the video signals to the signal processing 
means 16. The signal processing means 16 removes 
vkJeo noises from the video signals and integrates 45 
only the signals of the light to be measured to form a 
time-dependent light waveform. 

Next, a method for removing video noises from 
the video signals, which characterizes this embodi- 
ment will be explained with reference to FIGs. 7 to 11 . so 
When light to be measured is feeble, as shown in FIG. 
7, the video signals are a train of pulse-shaped sig- ' 
nals. In FIG. 7, each pulse signal corresponds to each 
photon of the light to be measured of each event 
sensed by the streak tube 11. The video signals con- ss 
tain video noises generated by the solid Image detec- 
tor 15 and the signal processing means 16. But the 
video noises have small signals compared with the 




134A2 8 

above-described pulse-shaped signals. Then a 
threshold is set to integrate only the video signals ex- 
ceeding the threshold to thereby extract only the sig- 
nal components with the noises removed. 

Examples of the method for tiie integration will be 
explained with reference to FIGs. 8 to 11. As shown 
in FIG. 8, a first method comprises Integrating only 
signal components of video signals a above a thresh- 
old level in a memory device built in the signal proc- 
essing means 16. FIG. 9 illustrates a conception of the 
integration in the memory device of the signal proc- 
essing means 16. As shown in FIG. 9, the video sig- 
nals supplied to the signal processing means 16 have 
noises removed to be accumulated in the memory de- 
vice. Then as shown In FIG. 10, a second method 
comprises binarizing video signals a based on a 
threshold level to obtain signal components b and in- 
tegrating the signal components in the memory de- 
vice of the signal processing means 16. As shown in 
FIG. 11, a third method comprises detecting peaks b 
of pulse-shaped signals corresponding to the video 
signals a ak30ve a threshold level, and adding 1 to val- 
ues of memory devtee associated with positions of the 
peons, whereby detection times of peaks are count- 
ed. 

These methods are performed on one horizontal 
scanning line or two-dimensionally in the case that the 
. solid-state image detector 15 is, e.g., a two-dimen- 
sional CCD. In the case that the solid state image de- 
tector 15 is linear, it is needless to say that these 
methods are conducted linearly. 

FIG. 12 shows a block diagram of the feeble light 
Image detector according to an embodiment of this in- 
vention. An Image to be measured is formed by an ob- 
jective lens 51 on a photocathode 52a of an imaige 
conversbn tube 52. Photoelectron corresponding to 
photon forming the image are emitted from the pho- 
tocathode 52a. The photoelectrons are accelerated 
by an acceleration electrode 52b, and enter an aper- 
ture of an anode electrode 52d through a focusing 
electrode 52c. The photoelectrons which have 
passed through the aperture of the anode electrode 
52d are incident on a single MCP 52e for unsaturated- 
type electron multiplication. The photoelectrons inci- 
dent on the MCP 52e are multiplied and then are in- 
cident on a phosphor screen 52f to generate a lumi- 
nous spot. The MCP 52f operates in an unsaturated 
state by an incidence of a single photoelectron, and 
accordingly the spread of a luminous spot corre- 
sponding to the incidence of the single photon is very 
small. 

An output image of the phosphor screen 52f is 
guided by the fiber plate 53 to a solid state image de- 
tector 54 to be converted to electric signals there. Vid- 
eo signals outputted by the solid state image detector 
54 are processed by a signal processing means 55 
and displayed by a TV monitor 56. The signal process<!* 
ing means 55 includes a noise removing unit 55a 
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comprising an amplifier, a threshold processing cir- 
cuit, an A/D converter and so on. Outputs of the noise 
removing unit 55a are added by an adder 55 to be 
stored In an Image memory 55c. Resultantly an image 
which is formed by integrating only signal compo- 
nents of the Image to be measured with noises re- 
moved can be obtained. The processing of the video 
noise removal In the signal processing means 55 Is 
the same as In FIGs. 8 to 11 . and is not repeatedly ex- 
plained here. 

From the invention thus described, it will be obvi- 
ous that the invention may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled In the 
art are Intended to be Included within the scope of the 
following dalms. 



Claims 

1. A feeble fight measuring device comprising: 

photon counting means including photo- 
electric conversion means for generating an elec- 
tron upon an Incidence of light to be measured, 
electron multiplying means for multiplying the 
electron from the photoelectric conversion 
means, the electron multiplying means being not 
saturated by an Incidence of one electron, and lu- 
minous means for converting the electrons multi- 
plied by the electron multiplying moans into a light 
image; 

image detecting means for converting the 
light Intensity Image from the photon counting 
means to electric outputs; and 

signal processing means for removing 
noise components of the electric outputs from the 
image detecting means to extract signal compo- 
nents of the electric outputs. 

2. A feeble light measuring device according to 
claim 1. wherein the signal processing means re- 
moves noise components of the electric outputs 
below a set level at each event corresponding to 
an incidence of light to be measured upon the 
photo-electric conversion means, whereby the 
signal components are extracted. 

3. A feeble light measuring device according to 
claim 2. wherein the signal processing means de- 
tects values of peaks of parts of the electric out- 
puts above the set level and integrates the peak 
valuesfor a set period of time, whereby the signal 
components are extracted. 

4. A feeble light measuring device according to 
claim 2, wherein the signal processing means in- 
tegrates parts of the electric outputs above the 
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set level for a set period of time to extract the sig- 
nal components. 

A feeble light measuring device according to 
claim 2, wherein the signal processing means bi- 
naries the electric outputs, based on the set level, 
and integrates the binarized outputs for a set per- 
iod of time, whereby the signal components are 
extracted. 

A feeble light measuring device according to 
claim 3, wherein the signal processing means In- 
cludes memory means for storing the extracted 
signal components In regions thereof corre- 
sponding to respective picture elements of the lu- 
minous means, based at timing of the electric out- 
puts firom the image detecting means. 



7. A feeble light measuring device according to 
20 claim 4, wherein the signal processing means in- 
cludes memory means for storing the extracted 
signal components in regtons thereof corre- 
sponding to respective picture elements of the lu- 
minous means, based at timing of the electric out- 

25 puts firom the image detecting means. 

8. A feeble light measuring device according to 
claim 5, wherein the signal processing means in- 
cludes memory means for storing the extracted 

30 signal components in regions thereof corre- 

sponding to respective picture elements of the lu- 
minous means, based at timing of the electric out- 
puts from the image detecting means. 

35 9. A feeble light measuring device according to 
claim 2, wherein the signal processing means de- 
tects a position of the peak of the parts of the elec- 
tric outputs above the set level, based at timing of 
the electric outputs firom the image detecting 

40 means. 

10. A feeble light measuring device according to 
claim 9, wherein the signal processing means 
counts detection results of the peak positions in 

45 a set period of time for positions corresponding to 

respective picture elements of the luminous 
means. 

11. A feeble light measuring device according to 
50 claim 1. wherein the electron multiplying means 

includes a single microchannel plate. 

12. A feeble light measuring device according to 
claim 1, wherein the photon counting means is a 

55 streak tube, and the signal processing means 

gibes transient changes of the light Intensity to be 
measured, based on the extracted signal compo- 
nents. 

6 
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13. A feeble light measuring device according to 
claim 1, wherein the photon counting means js a 
combination of a streak tube without the electron 
multiplying means Incorporated, and an image in- 
tenslfying tube with thQ . electron multiplying 
means Incorporated, and the signal processing 
means gives transient changes of the light to be 
measured, based on the extracted signal compo- 
. nents. . 



10 



14. A feeble light measuring device according to 
daim 1 , wherein the photon counting means is an 
Image intensif ier tube, and the signal processing 
means gives a distribution nnage of the light to be 
measured, based on the extracted signal compo- js 
nents. 

15. A feeble light measuring device according to 
claim 1 , further comprising a fiber plate for guid* 

ing to the image detecting means the light image 20 
from the luminous means included In the photon 
counting means. 

16. A feeble light measuring device according to 
claim 1 , wherein the Image detecting means is a 25 
CCD. 

17. A feeble light measuring device according to. 
claim 1, wherein the image detecting means is a 
photodiode array. 30 

1 8. Apparatus for measuring low light levels compris- 
ing photo-electric conversion means for convert- 
ing low-level incident light into electrons; 

means for multiplying the electrons from 35 
said photo-electric conversion means, said 
means being arranged to multiply a single elec- 
tron without undergoing saturation; 

means for imaging the multiplied elec- 
trons; 40 

means for generating an output signal in 
response to the imaged electrons; and 

signal processing means for removing 
noise from said output signal. 

45 
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(g) A feeble light measuring (streak camera) de- 
vice comprising a photon counting tube, an 
image detector and a signal processor. The 
photon counting tube includes a photocathode 
(11c) for generating an electron upon an inci- 
dence of light to be measured, an MOP (11b) for 
multiplying the photoelectron from the photo- 
cathode and a phosphor screen (11a) for con- 
verting the photoelectrons multiplied by the 
MOP into a light image such as luminous spots. 
A fiber plate or a bundle of thin optical fibers are 
used to couple photon counting and image 
detecting means to each other. The MCP Is not 
saturated by an incidence of single photoelec- 
tron. Thus the spread of the luminous spot 
comesponding to the single photoelectron is 
very small. The image detector converts the 
light image from the photon counting tube to 
electric outputs the signal processor removes 
noise components of the electric outputs from 
the image detector to extract signal compo- 
nents of the electric outputs. 
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